aBstraCt Background: The prevalence of home smoking bans in the United States has increased overtime, but educational disparities have persisted. Little research has explored potential associations between tobacco control policies and disparities by socioeconomic status in home smoking bans. We examined educational disparities in home smoking bans in the United States from 1995 to 2007 and investigated the association between these disparities and statewide tobacco control policies, including cigarette taxes, smoke-free air laws, and media campaigns.
nicotine & tobacco research
A previous study used the Tobacco Use Supplements to the U.S. Current Population Survey (TUS-CPS) to examine national trends in and household characteristics correlated with home smoking bans among households with underage children (Zhang, Martinez-Donate, Kuo, Jones, & Palmersheim, 2012) . The results showed that the overall prevalence of home smoking bans has increased from 58.1% to 83.8% from 1995 to 2007 in the United States. However, households with low education level were consistently less likely to establish a home smoking ban, after adjusting for other household-and individual-level confounding factors. Other research focused on households with children and adult smokers has provided additional evidence of both increasing prevalence rates of home smoking bans over time and persistent educational disparities, after controlling for household residents' smoking status (Mills, White, Pierce, & Messer, 2011) . The reasons for educational disparities in home smoking ban adoption are not well understood. Education may reflect general and health-related knowledge, and skills and resources to promote health. Educational disparities in the adoption of a home smoking ban could be caused by lack of knowledge on the detrimental effects of smoking and SHS and THS exposure, and the protective effects of a complete home smoking ban among less-educated populations. In that case, policy-level interventions to change beliefs and social norms related to SHS and THS need to be identified and implemented to reduce social inequalities in home smoking bans and tobacco-related diseases.
Since the mid-1980s, tobacco control policies, particularly smoke-free air laws and tax increases have been implemented in the United States, and during the 1990s, antismoking media campaigns emerged as a key component of many state's tobacco control efforts (Stratton & Wallace, 2007) . These policies have been effective in reducing smoking rates in general (Chaloupka, Straif, & Leon, 2011; Levy, Chaloupka, & Gitchell, 2004; Levy, Nikolayev, & Mumford, 2005) . Furthermore, smoke-free air laws and cigarettes taxes seemed to have benefited all education groups equally (Dinno & Glantz, 2009; Thomas et al., 2008) , while media campaigns have had a greater impact on lower educated groups (Durkin, Brennan, & Wakefield, 2012) . However, beyond their impact on tobacco use, it is unclear if and how these policies may have impacted educational disparities in the prevalence of home smoking bans.
Literature shows that exposure to formal tobacco control policies and antismoking culture may promote home smoking restrictions (Ayers et al., 2010; Cheng, Glantz, & Lightwood, 2011; Levy, Romano, & Mumford, 2004; Martínez-Donate et al., 2008; Norman, Ribisl, Howard-Pitney, Howard, & Unger, 2000; Protano & Vitali, 2011) . In addition, home smoking restrictions may be more effective in reducing SHS exposure when embedded in antitobacco social structures (Ayers et al., 2010) . While the underlying mechanisms by which public policies impact home smoking bans remain yet to be determined, increased awareness on the harmful effects of tobacco use and SHS and changes in social norms around these risk factors may be potential pathways (Hovell, Lessov-Schlaggar, & Ding, 2011) . Tobacco control policies could help to reduce educational disparities in home smoking ban adoption by promoting awareness of harm of SHS exposure and conveying antitobacco social norms among the society at large, including those with low levels of education. To our knowledge, little research has directly examined potential associations between multiple tobacco control policies and educational disparities in the adoption of home smoking bans, which may contribute to the existing disparities in SHS exposure, tobacco-related diseases, and future tobacco use among underage children (Kabir, Connolly, & Alpert, 2011; Singh, Siahpush, & Kogan, 2010; Wallace et al., 2009) . A better understanding of these associations can help to narrow educational disparities in home smoking bans and guide policy makers to better allocate tobacco control resources aimed at decreasing tobacco-related disparities.
This study extended previous research on the determinants of home smoking bans at the household level to the broader social context, by exploring the association between educational disparities in home smoking bans among households with underage children and statewide tobacco control policies from 1995 to 2007. We hypothesized that exposure to statelevel tobacco control policies would be associated with an increased likelihood of adopting home smoking bans, regardless of education level and smoking status. Furthermore, we hypothesized that this association would be stronger among the less-educated compared with the more-educated population. That is, we hypothesized that state-level tobacco policies would help to reduce educational disparities in the prevalence of home smoking bans.
MetHODs

Study Population
We used data from the 1995-1996, 1998-1999, 2001-2002, and 2006-2007 TUS-CPS. The TUS-CPS is a survey of tobacco use administered as a supplement to the CPS. The TUS-CPS employs a multistage sampling design and is designed to represent the civilian noninstitutionalized population of the United States. All permanent household members aged 15 years or older are eligible for the interview. The TUS-CPS provides data on a state and nationally representative sample of about 240,000 individuals within a given survey period. Most of these (about 180,000) are self-reports but approximately 20% are by proxy for a few measures. All home smoking ban data are based on self-reports. The sample size for the four survey periods was 43,412; 39,683; 39,890; 37,421 , with the response rates being 84.5%, 83.5%, 75.0%, and 73.7%, respectively. Only primary family households (households consisting of only one family) with underage children (<18 years old) were included in our analysis.
Measures
Home Smoking Bans
Home smoking ban status was ascertained based on parental responses to a question about the smoking rules in their home. Information on home smoking ban status could be reported by one or both parents in two-parent households and by the single parent in single-parent households. A parent refers to a household's reference person (head of the household) or his/ her spouse and they did not need to be the child/children's biological parent. Households were excluded from analyses if no response on home bans status from either the reference person or the spouse was gathered. Based on evidence demonstrating the limited effectiveness of partial smoking bans in the household, we classified respondents' answers into two categories: a complete smoking ban report (i.e., "No one educational disparities in home smoking bans in United states is allowed to smoke anywhere INSIDE YOUR HOME") versus a partial or no smoking ban report (i.e., "Smoking is allowed in some places or at some times INSIDE YOUR HOME" or "Smoking is permitted anywhere INSIDE YOUR HOME"). There were two changes in the wording of the home smoking ban question after 2002. The 2006-2007 version of the question replaced "in your home" with "inside your home." In addition, the new version also added an explanation of the meaning of word "rule" (i.e., "rules" include any unwritten "rules" and pertain to all people whether or not they reside in the home or are visitors, workmen, etc.).
Previous research found that among two-parent households, discordances between parents' reports of a home smoking ban status exist, especially among those with current smokers although the discordance rate has decreased overtime . Therefore, we defined a household with a complete home smoking ban as a twoparent household in which both parents reported a complete ban or a single-parent household in which the parent reported a complete ban.
Individual and Household Variables
Household education level refers to the education attainment of the most-educated parent within the household. Accordingly, households were classified into two categories: (a) households in which no parent has attained a college degree and (b) those with at least one parent having college degree or above. Disparities regarding home smoking bans by education refer to differences between these two groups of households, but we also conducted sensitivity analysis using education as an interval measure (years of education). The results were robust regardless of how this variable was operationalized. Other household factors potentially associated with the existence of home smoking bans were used, including: household structure (two-parent vs. single-parent household), age of the youngest child (less than 1-year old, 1-5 years, 6-12 years, and 13 years or greater), annual household income (less than $25,000, $25,000-$49,999, and $50,000 or greater), household smoking status (no current smoker household vs. household with at least one current smoker), the reference person's race/ethnicity (nonHispanic White, Black, Hispanic, and other), and age (18-29, 30-39, 40-49, and 50 or greater) . The association between the likelihood of having a complete home smoking bans and these individual and household factors has been described elsewhere . This article focuses on the association between state-level tobacco control policies and educational disparities in home smoking bans, while adjusting for other individual and household variables described above.
Tobacco Control Policies
Three state-level policies were included in our analyses: tobacco state taxes, smoke-free air laws, and media campaigns. Chriqui suggested allowing for at least 2 years after implementing a policy for the effects on smoking behavior to be observed (Botello-Harbaum et al., 2009) . Following this recommendation, information on these policies, 2 years prior to each survey period (i.e., in 1993, 1996, 1999, and 2004 ) was obtained and used for our analyses. We also conducted sensitivity analyses using a 1-and a 3-year interval following policy implementation and the results remained virtually unaltered. Data on tax per pack (in U.S. dollars) by state were gathered from Orzechowski and Walker (2007) . For the measurement of state smoke-free air laws, we used a composite scale developed by Chriqui et al. (2002) , which included scoring in nine categories as follows: government workplaces, private workplaces, schools, childcare facilities, restaurants, retail stores, recreational/cultural facilities, penalties, and enforcement. The grades were decided based on the legislative data regarding each state's smoke-free air laws status as of the end of each year, available at www.scldnet.com. The score ranges from 0 to 42 (Cronbach's α = .88), with higher scores reflecting stricter smoke-free legislation. The presence of media campaigns tobacco control policies (based on data from Levy, Romano et al., 2004; Levy et al., 2005) , CDC (Centers for Diseases Control and Prevention, 2005) , and state Web site was measured as an indicator variable, indicating whether a state had begun a media campaign in the years stated above. The variance inflation factor, which quantifies collinearity, for cigarette taxes, smoke-free air laws scale, and media campaigns, was 1.24, 1.35, and 1.13 respectively, indicating that collinearity among these variables was low.
Statistical Analysis
We used the household as the unit of analyses. Absolute educational disparities in home smoking bans were examined in two ways. First, we estimated and plotted the prevalence of home smoking bans among those with and without college by survey period. Second, we calculated the difference in prevalence rates between the two educational groups, using pooled data from all survey periods and stratifying by the different levels of the tobacco control policies examined.
We then conducted multivariable logistic regressions of the existence of a complete home smoking ban on statewide policy variables separately for each educational group and examined differences in the effects of these policies based on the estimated odds ratios (ORs) and 95% confidence intervals (CIs) for those with and without a college degree. We estimated several models. Model 1 included only the survey period, as a set of four indicator variables, with the first period as the reference. In Models 2-4, tobacco control policies were added separately (only tobacco taxes, only media campaigns, and only smokefree air laws). Finally, Model 5 included all policies simultaneously. We also estimated full models with both educational strata included as well as interaction terms between education and each survey period and between education and each tobacco control policy to formally test for educational disparities over time and in the presence of different policies (complete results from these models are not shown, but are available from the authors upon request). Wald tests were also conducted to test for significance of a set of indicator variables (survey years, different levels of smoke-free air legislation, etc.).
All analyses were stratified by household smoking status (i.e., one or more current smokers vs. no current smokers). All regression models were adjusted for individual and household variables.
Across the four survey periods, about 20% of individuals among two-parent households did not answer the home smoking ban question. Multiple imputation is used to deal with the missing responses to the home ban question by regressing home smoking ban reports on known information: gender, the response from the other parent, household highest education level, age of the youngest child, annual household income, household race/ethnicity composition, parental age, and parental smoking status. The estimated responses were then matched with the other parent's response to assign a home smoking ban status to the household unit. Multinomial logistic regressions of home smoking ban status on individual characteristics, including age, race, education, and smoking status, were estimated for data before and after imputation. The adjusted odds ratios (AOR) for each variable based on the imputed and nonimputed data sets did not differ significantly at the 5% level.
Household weights provided by the TUS-CPS were used, and clustered standard errors were estimated to account for the complex sampling design and clustering effects. We conducted Hosmer-Lameshow tests and results showed good model finesses (p > .05 for all models in Tables 2 and 3 ). All analyses were performed with the software STATA/SE 11.1 (StataCorp LP, College Station, TX).
resUlts
Disparities in Home Smoking Bans
Overall Figure 1 shows that from 1995 to 2007, the prevalence of complete home smoking bans increased regardless of household smoking status and education level. Throughout the study period, the average prevalence of complete home smoking bans was 57.6% for households with less than college education level and 78.7% for those with college or above graduate, resulting in an average absolute disparity of 21.1 percentage points (pp). The prevalence was consistently higher among nonsmoker households than households with at least one smoker (Table 1) . Absolute disparities in prevalence of home smoking increased from 13.7 to 21.1 pp for smoker households, but decreased from 10.1 to 4.8 pp for households without smokers. The average absolute disparities in home smoking bans by education were 17.1 pp among smoker households, twice as much as those among nonsmoker households (8.5 pp) over the period examined.
Results from logistic regression models confirmed the increase of home smoking bans after adjusting for other household characteristics (Tables 2 and 3) . Among nonsmoker households, the increase was significantly greater for those with college degree (2006/2007 vs. 1995/1996 : AOR = 6.28, 95% CI = 5.57-7.09) than those with less than college degree (AOR = 4.80, 95% CI = 4.35-5.30), suggesting educational disparities have increased over time. For smoker households, the increase of odds was similar between households with and without college degree, suggesting the disparities had remained relatively stable. Formal tests for interactions between education and survey periods confirmed these findings (nonsmoker households: AOR = 1.29, 95% CI = 1.10-1.52; smoker households: AOR = 1.03, 95% CI = 0.88-1.22). Table 1 shows gradients suggesting that the prevalence of home smoking bans increased as the tobacco control policies, including tax, media campaigns, and smoke-free air laws, became more vigorous, regardless of household smoking status and education levels. Generally, the results also indicated that average absolute educational disparities decreased as these policies grew stricter. However, the decrease was sharper and more consistent among nonsmoker households than those with at least one smoker. Table 2 displays results regarding associations between statewide tobacco control policies and reports of home smoking bans among nonsmoker households, stratified by education. When evaluated separately (Models 2-4), it was observed that living in a state with higher tax (AOR = 1.59, 95% CI = 1.12-2.25) and stricter smoke-free air laws (score 21-30 vs. 0, AOR = −1.28, 95% CI = 1.04-1.57; score 31-42 vs. 0: AOR = 1.69, 95% CI = 1.20-2.45) were factors associated with greater odds of reporting a home smoking ban only for the households with less than college degree. In contrast, the existence of a media campaign was correlated with the adoption of complete home smoking bans for households without and with college graduate (AOR = 1.54, 95% CI = 1.33-1.80; AOR = 1.29, 95% CI = 1.03-1.61, respectively). Formal tests for interaction revealed that all three policies were associated with decreased educational disparities (tax: Less than college (%),
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Nonsmoker Households
College or higher (%), Note. a Absolute disparities in education represent the difference in prevalence between education level of college graduate or above versus less than college.
b N presents the number of households in our sample. When all the policies variables were included in the model simultaneously (Model 5), the existence of media campaign was still a predictor of reports of a complete home ban regardless of household education level (less than college: AOR = 1.42, 95% CI = 1.19-1.71; college graduate: AOR = 1.32, 95% CI = 1.03-1.70), and cigarettes tax was negatively associated with the establishment of home smoking bans among households with college graduate (AOR = 0.72, 95% CI = 0.56-0.91). The full model indicated that only the interaction between tax and education reached significance (AOR = 0.53, 95% CI = 0.42-0.66), suggesting the role of this policy in reducing disparities in home smoking bans among nonsmoker households.
Smoker Households
Results for smoker households are presented in Table 3 . Based on Models 2-4 (policies evaluated separately), the existence of a media campaign was associated with increased likelihood of reporting home smoking bans for both educational level households (less than college: AOR = 2.17, 95% CI = 1.60-2.93; college graduate: AOR = 1.63, 95% CI = 1.12-3.55). Higher smoke-free air scores were associated with greater odds of reporting a home smoking ban only among households with less than college degree (score 31-42 vs. 0: AOR = 1.97, 95% CI = 1.09-3.55), and tobacco taxes were not a significant predictor for either education group. Formal test for interactions on each of these separate models indicated that tobacco taxes and media campaigns were correlated with decreased educational disparities (tax: AOR = 0.72, 95% CI = 0.55-0.96; media campaigns: AOR = 0.71, 95% CI = 0.61-0.83).
When the policies were evaluated jointly (Model 5), only media campaigns were associated with home bans for both education levels (less than college: AOR = 2.01, 95% CI = 1.52-2.66; college graduate: AOR = 1.60, 95% CI = 1.16-2.22), and only the interaction between education and media campaign was significant (AOR = 0.76, 95% CI = 0.65-0.89).
DisCUssiOn
This study used a large, nationally representative dataset to examine the extent of educational disparities in the likelihood of having a complete home smoking ban in the United States from 1995 to 2007. Our results show that after adjusting for other household characteristics, educational disparities in reports of complete home smoking bans actually increased among nonsmoker households and remained stable for smoker households. The reasons for the increased disparities for households without current smokers are not clear. This increase may be due to disproportionally lower exposure to smokers (greater denormalization of smoking behaviors) and increased awareness about the hazards of SHS exposure among college graduates. However, from a public health perspective, the increased disparities may not be as concerning as it seems. First, children from nonsmoker households are at significantly lower risk of involuntary smoking exposure compared with their peers from smoker ones because at least their parents do not smoke. Second, the prevalence of home smoking bans for the less-educated nonsmoker households reached 90.0% by 2006-2007, suggesting the absolute population of children potentially exposed to SHS and THS was relatively small.
We also have examined the association between educational disparities in home smoking bans and selected statewide tobacco control policies (tobacco tax, smoke-free air laws, and media campaigns). Our findings reveal that the existence of media campaigns was correlated with increased likelihood of establishing a complete home smoking ban regardless of the household smoking status and education level. In contrast, tax and smoke-free air laws were predictors of home bans only among less-educated households. Furthermore, tobacco taxes were associated with lower odds of reporting a home ban for nonsmoker households with college degree after adjusting for the other two policies. Formal tests for interactions between education and policies indicate that when the policies were evaluated separately, higher tobacco taxes and the existence of media campaigns at the state level were associated with decreased educational disparities in home smoking bans, regardless of household smoking status. In addition, stricter smoke-free air laws also modified the effect of education among nonsmoker households, but only for the highest score category compared with no smoke-free air laws. Overall, the pattern of results suggests that on average, households without college graduates are more responsive to tobacco control policies with regard to the adoption of home smoking bans compared with households with college education. For nonsmoker households, among which education disparities have actually increased overtime, the results suggest that without the implementation of state-level tobacco control policies, the disparities might have been even larger over time. As educational level may reflect knowledge, skills, and social norms that influence health behavior choices, the associations between tobacco control policies and decreased educational disparities suggested that these policies may have benefited low education groups by helping them learn the negative effects of SHS exposure and increasing exposure to social norms regarding smoke-free air.
In general, these results confirm our hypotheses regarding a general association between these statewide policies and the adoption of a home smoking ban and greater impact of these policies among the less-educated compared with the moreeducated populations. However, the result concerning negative effects of tobacco taxes among nonsmoker households with a college degree is puzzling. Previous research has shown that price measures have been equally effective at reducing tobacco use among more-and less-educated groups (Dinno & Glantz, 2009 ). The differential, and in this case negative, impact of these measures on the adoption of home smoking bans among nonsmoker college graduates needs to be confirmed by future research. If confirmed, future studies will also need to explore the underlying mechanisms for this counterintuitive finding.
Despite the associations observed for virtually all the policies with disparities on a separate basis, some lost significance in the final models that included all policies simultaneously. A more direct effect of media campaigns on home smoking bans could be attributable to the fact that these campaigns often focused on reduction of SHS exposure among children (Siegel, 1998) . In contrast, tobacco taxes and smoke-free legislation may have had a more direct impact on tobacco use and impact only indirectly, through their effects on smoking levels, the adoption of a home smoking ban. Since our analyses are stratified by household smoking status, our ability to observe the effects of these policies on home smoking bans may have been limited. In general, our findings demonstrating that antismoking media campaigns were correlated with diminished educational disparities among smoker households is important because it is within such households that underage children are at high risk of being exposed to SHS, and educational disparities were more severe. Such results imply that tobacco control policies might have played an important role in narrowing the gap in tobacco control across different educational categories potentially and been instrumental in contributing to reducing disparities in SHS, tobacco-related diseases, and future smoking among underage children living with smokers.
The study is subject to several limitations. First of all, the data were collected cross-sectionally and, even though we analyzed the policies 2 years prior to each survey period, it is difficult to establish a causal relationship between state-level policies (and the factors that led to their enactment) and rates of home smoking bans. We cannot rule out the possibility that both variation of tobacco control policies over time and across states, and the decreased disparities in home smoking bans were caused by unmeasured confounders. A longitudinal study design and/or replications in different time periods and regions would be necessary to confirm a causal relationship between statewide tobacco control policies and socioeconomic disparities in home smoking bans.
Second, the tobacco control policies were measured at the state level and thus did not capture local variations in tobaccorelated regulations. Some cities or counties have adopted stricter or more comprehensive antismoking programs than their respective states (Centers for Diseases Control and Prevention, 2011), and residents might be affected differently by the local and statewide restrictions. The magnitude of the effect of local tobacco control policies on disparities in complete home smoking bans, and the direct and indirect pathways through which policies at different levels operate need to be better understood. Future research using data representing local and state policies and multilevel modeling would be desirable.
A scale was used to represent the comprehensiveness of statewide smoke-free air laws. We conducted a sensitivity analysis substituting the smoke-free air laws scale with TUS-CPS parental reports of a complete workplace smoking ban (an indicator of whether at least one parent reported smoking was not allowed in any public, including lobbies, rest rooms, and lunch rooms, and work areas at their workplace). The results and coefficients remained largely similar to those obtained with models using the scale, supporting the construct validity of the statewide smoke-free air law scale used for our analyses.
The mere "existence" of a statewide media campaign is a very crude measure of this policy-level tobacco control approach. Media campaigns vary widely in terms of size, targeting, and messaging, which will determine their effects. Better quantification of media campaigns can increase understanding of the role this policy plays in relation to reducing inequities in home smoking bans.
Our sample was limited to households with underage children and results may not be generalizable to the whole population. Children are most vulnerable to the effects of SHS and, consequently, much of the research on SHS exposure and home smoking bans has been restricted to households with children (Gartner & Hall, 2012; Gonzales, Malcoe, Kegler, & Espinoza, 2006; Mantziou, Vardavas, Kletsiou, & Priftis, 2009; Mills et al., 2011) . Finally, changes in the wording of the TUS-CPS home smoking ban question after 2002 may have affected our estimates of home smoking ban prevalence rates and educational disparities. The impact of these changes on individual reports is unknown and has been discussed somewhere else .
In conclusion, this study found that overall educational disparities in home smoking bans remained unchanged for smoker households, and even increased for nonsmoker households. The results also indicated that educational disparities in home smoking bans are inversely related to stricter and more comprehensive statewide tobacco control policies, especially tobacco taxes and antismoking media campaigns. These findings suggest that sustained and more vigorous restrictions against smoking at the state level may help not only to promote the adoption of home smoking bans but also contribute to narrow educational disparities in SHS exposure, tobacco use and related diseases. Future research may further investigate potential variations on the effects of tobacco control policies on disparities in the prevalence of home smoking bans for different ethnic and racial groups, as well as groups formed according to other socioeconomic indicators.
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